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	Abstract: 
Purpose: Nigeria’s literacy crisis is most acute in low-income urban districts such as Mushin, Lagos State. This study synthesises evidence and theory to design a context-sensitive framework for equitable educational-technology (edtech) adoption that can raise literacy and access in such settings. Design/methodology/approach: Guided by Diffusion of Innovations, the Technology Acceptance Model, Constructivist Learning Theory, and Social Cognitive Theory, we conducted a systematic desk-based review of peer-reviewed scholarship, policy documents, and programme reports published between 2018 and 2025. AI-assisted thematic coding linked sociotechnical determinants to implementation levers. Findings: Adoption in Mushin-like contexts is constrained by device scarcity, unreliable power, high data costs, and limited teacher digital pedagogy. Evidence shows that offline-first platforms, low-cost shared devices, local-language content, practice-embedded professional development, community stewardship, and transparent procurement can overcome these barriers. These insights inform a five-pillar framework that aligns Infrastructure and Access, Teacher Capability and Pedagogy, Contextualised Content, Community Engagement and Trust, and Governance and Data. Originality/value: The article extends diffusion and acceptance models with a capability-centred, justice-oriented lens, turning fragmented findings into a practical roadmap for policymakers, school leaders, and investors. By foregrounding offline-first strategies and local knowledge, it redefines effective adoption as the expansion of learners’ real opportunities to read, reason, and participate in knowledge creation. Practical implications: The framework offers clear levers for staged pilots, cost tracking, and learning analytics, and complies with Nigeria’s Data Protection Act as well as UNESCO guidance on generative AI in education.
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1. INTRODUCTION 

1.1 Background: Nigeria’s education system continues to grapple with low literacy rates, high out-of-school numbers, and stark inequities in digital access and teacher capacity (UNICEF, 2023; Agwam, 2024). These challenges are intensified in low-income urban communities such as Mushin, Lagos State, where school overcrowding, constrained public options, and household poverty reduce access and quality. While global and national discourses increasingly champion digital learning as a lever for inclusion, most systems have struggled to convert aspiration into impact in underserved contexts, where devices, electricity, reliable connectivity, and teacher readiness are uneven (Oxford Business Group, 2024; UBEC, 2019; Ogunode et al., 2020; Ogunbodede et al., 2023). Recent official figures sharpen this picture. UNICEF’s September 2024 briefing reports 10.2 million children of primary-school age and 8.1 million of junior-secondary age out of school, alongside 74 percent of 7–14-year-olds lacking foundational skills (UNICEF, 2024). Connectivity remains a binding constraint: the communications regulator recorded ~163 million broadband subscriptions and ~44–45 percent broadband penetration by March 2025, below national targets for universal meaningful connectivity (NCC, 2025). At the same time, the Nigeria Learning Passport (NLP) recorded a six-fold surge in 2023, exceeding 750,000 registrants, indicating demand for low-bandwidth, curriculum-aligned options (UNICEF, 2025).

1.2 Problem Statement: National edtech initiatives (e.g., online platforms, broadcast modalities) expanded rapidly during and after COVID-19 (UNESCO, 2023; Isisi et al., 2020). Yet in communities like Mushin, adoption remains piecemeal. A persistent digital divide—low device penetration, unreliable power, limited broadband, affordability constraints, and gaps in teacher digital competencies—undermines both literacy and equitable access (UNICEF, 2023; UBEC, 2019; Ogunbodede et al., 2023). Building on liberationist pedagogy (Freire, 1970) and post-colonial critiques of technology transfer (Maldonado-Torres, 2007), we posit that external, device-led programmes risk reproducing dependency unless they are co-designed with—and ultimately governed by—local knowledge communities. The literature highlights a critical gap: context-sensitive frameworks that translate general edtech potential into feasible, sustained implementation for low-income settings. Updated administrative statistics also reveal system execution bottlenecks. UBEC’s 2022 National Personnel Audit and 2022 Digest report 171,027 basic-education schools, 47,010,008 learners, and 1.69 million teaching staff, with teacher qualification gaps and pupil–teacher ratios above norms in several states, underscoring the difficulty of translating platform availability into consistent classroom use (UBEC, 2024a; UBEC, 2024b; Guardian, 2025).

1.3 Research Objectives and Questions: To develop a theoretically grounded, context-sensitive framework for effective adoption and implementation of edtech to improve literacy and educational access in low-income communities, using Mushin as an empirical touchpoint. The study poses specifically the following research questions: RQ1-Status & Gaps: What is the current state of edtech adoption and use relevant to literacy and access in low-income communities such as Mushin? RQ2- Determinants & Effects: Which technological, pedagogical, sociocultural, and policy factors enable or constrain effective edtech adoption, and what impacts on literacy/access are reported? RQ3-Framework Design: What design principles and components should constitute a practical framework for sustained, equitable edtech integration in Mushin-like contexts?

1.4 Significance and Contribution: The paper offers an original, integrative framework that (i) operationalizes core theories—Diffusion of Innovations, TAM, Constructivism, and Social Cognitive Theory—into implementation levers; (ii) consolidates fragmented evidence from Nigeria and comparable LMIC settings; and (iii) translates findings into stakeholder-specific recommendations. The intended beneficiaries include policymakers, district administrators, school leaders, NGOs, donors, and edtech providers working in low-income urban communities.

1.5 Paper Structure: Section 2 synthesizes the literature and theoretical foundations. Section 3 details the methodology. Section 4 presents findings by research question. Section 5 discusses implications, limitations, and future research. Section 6 concludes and offers recommendations.

Literature Review
2.1 Edtech, Literacy, and Access in LMICs: Global evidence suggests that technology can improve access to learning materials and support foundational literacy, particularly where print resources are scarce (West, 2014; UNESCO, 2020). However, impact varies widely, and benefits are often contingent on contextual fit, teacher mediation, and enabling infrastructure (Hamilton & Hattie, 2021; Selwyn, 2012). In Nigeria, policies promote digital transformation (Federal Ministry of Education, 2019), but implementation evidence remains limited, with persistent gaps in school-level infrastructure and teacher capability (UBEC, 2019; Adediran et al., 2023; Alimigbe & Avoseh, 2022).

2.2 Constraints in Low-Income Urban Communities: In Mushin-like contexts, affordability constraints reduce device access; power and connectivity are unreliable; schools lack ICT labs; and teachers often have limited opportunities for digital pedagogy training (UNICEF, 2023; UBEC, 2019; Ogunode et al., 2020; Ogunbodede et al., 2023).  This article advances the thesis that offline-first, community-governed learning ecologies, anchored in local epistemologies and evaluated through a capability lens of substantive freedom, offer a more just and faster route to closing literacy gaps in Mushin than device-supply or bandwidth-expansion strategies. By explicitly interrogating whose knowledge counts, how agency is distributed, and what forms of human flourishing define ‘success,’ the study contributes to a re-politicised discourse on ed-tech equity. The resulting pattern is fragmented adoption, low usage intensity, and fragile continuity. To anchor the Mushin exemplar empirically, Mushin LGA’s population is projected at ~935,400 (2022), among the densest urban districts in Lagos, with long-standing overcrowding and infrastructure strain (Citypopulation.de, 2022). Historical studies of Mushin’s housing and environmental conditions document the poverty–infrastructure nexus shaping school access and home learning environments, reinforcing the case for offline-capable, community-stewarded models in such contexts (Aluko, 2012/2019).

2.3 Theoretical Foundations: Diffusion of Innovations (DOI): Adoption depends on perceived relative advantage, compatibility, complexity, trialability, and observability, mediated by social systems and communication channels (Rogers, 2003). In low-income communities, trusted intermediaries (e.g., community organizations, respected teachers) and visible proof-of-concepts are pivotal. Technology Acceptance Model (TAM): Perceived usefulness and perceived ease of use predict intention to adopt and use; factors such as organizational support and norms shape these perceptions (Ducey, 2013; Priyanka & Kumar, 2013; Huda et al., 2012; Luo et al., 2024). Constructivist Learning Theory: Technology is most effective when it enables active, collaborative, authentic learning aligned with learners’ prior knowledge and community contexts ( Hill & Hannafin, 2001; Bada & Olusegun, 2015). Social Cognitive Theory (SCT): Self-efficacy, observational learning, and reinforcement in social contexts influence user engagement and persistence with new tools (Bandura, 1986; Koutroubas & Galanakis, 2022).

These perspectives motivate implementation choices that reduce perceived complexity (TAM), offer visible wins through pilots (DOI), embed tools in authentic learning tasks (constructivism), and build confidence via modeling and peer support (SCT). Read alongside one another, these models reveal deep epistemic tensions: Rogers’ diffusionism presumes a linear modernist trajectory of ‘laggards’ catching up, whereas constructivism foregrounds dialogic co-construction; TAM privileges individual cognition, while SCT embeds learning in social practice. Rather than treating these as parallel lenses, the present study excavates the frictions between them to surface equity dilemmas—chief among them the risk that adoption logics centred on efficiency and perception sideline questions of justice, voice, and decolonial knowledge. Integrating Amartya Sen’s capability approach as a normative compass, and drawing on liberationist critiques of technocratic modernity (Freire, 2000; Maldonado-Torres, 2007), we recast ‘effective adoption’ as the expansion of learners’ real opportunities to read, reason, and participate in knowledge creation on their own terms.

2.4 Evidence from Nigeria: National policies articulate ambitions for ICT integration, but school-level data indicate low computer availability—particularly in primary schools—and uneven access to power across regions (UBEC, 2019). Teacher digital competence is mixed, with many reporting limited exposure to pedagogically focused ICT training and minimal routine use for instruction (Alimigbe & Avoseh, 2022; Ogunbodede et al., 2023). COVID-19 responses broadened alternative modalities (radio/TV/online), but sustainability and consistent quality remain concerns (UNESCO, 2023; Isisi et al., 2020). Overall, the literature calls for context-appropriate, affordable, offline-capable, and teacher-mediated solutions, integrated with clear policy, procurement, and evaluation mechanisms (Adediran et al., 2023; Hennessy et al., 2021).

2.5 Gap Addressed: Existing studies often examine single determinants (e.g., infrastructure or teacher skills) or single modalities, leaving a gap for integrated frameworks that coordinate infrastructure, pedagogy, content, community trust, and governance/data to achieve equitable literacy and access outcomes in low-income urban settings. This paper addresses that gap.

2.6 Philosophical Integration and Normative Lens: Building on the dialogic tensions noted above, we engage Paulo Freire’s pedagogy of conscientização and Nelson Maldonado-Torres’ critique of coloniality to interrogate the political economy of global ed-tech. Without deliberate anchoring in local epistemologies, devices and platforms risk reinscribing dependency by reaffirming “neocolonial technocratic reason”—a logic that frames African learners primarily as consumers rather than producers of knowledge. Liberatory praxis therefore demands that any technological intervention foster spaces where Mushin teachers and learners debate, adapt, and even resist externally scripted content in ways that affirm cultural self-determination. 

To specify what “equitable literacy” ought to mean under such a decolonial horizon, we adopt Amartya Sen’s capability approach. Literacy, within this view, is not merely an outcome metric or access proxy; it is a substantive freedom that expands learners’ capability sets—voice, socio-economic agency, and the freedom to pursue valued life trajectories. The five pillars proposed later thus function as capability-enhancing instruments whose success must be judged by the real opportunities they unlock, not solely by enrollment or device counts. This normative anchor equips the framework with a philosophically coherent definition of justice and provides evaluative criteria that go beyond technocratic performance indicators. Extending the capability lens, Nussbaum’s list of central capabilities clarifies literacy’s role in securing practical reason, affiliation, and control over one’s environment, complementing Sen’s procedural emphasis (Nussbaum, 2011). In parallel, scholarship on datafication in education cautions that edtech ecosystems can reconfigure power via platform governance and opaque analytics, demanding public accountability, interoperability, and privacy-preserving defaults (Williamson, 2017; Williamson & Eynon, 2020). This dual focus—capabilities and data justice—grounds the framework’s governance pillar in both normative and institutional terms.

3. METHODOLOGY

3.1 Research Design: A systematic, desk-based qualitative synthesis combining (i) a structured literature review of peer-reviewed articles and scholarly books, and (ii) documentary analysis of policy, program, and statistical reports (e.g., UNESCO, UNICEF, World Bank, UBEC, Federal Ministry of Education). The analysis was guided by DOI, TAM, constructivism, and SCT and targeted Mushin-like constraints and opportunities.

3.2 Data Sources and Selection: Sources included: academic journals and edited volumes; conference papers where peer-reviewed; grey literature from reputable international organizations (UNESCO, UNICEF, World Bank), national agencies (FME, UBEC), and recognized research programs (e.g., EdTech Hub). Inclusion criteria were: (a) relevance to edtech, literacy, access, and/or Nigeria/LMICs; (b) credibility (peer review or institutional rigor); (c) recency or continued seminal value; and (d) clarity of methods/findings. Opinion pieces and unverified online sources were excluded.

3.3 Search and Screening: We conducted Boolean searches (e.g., “educational technology” AND Nigeria AND literacy; “edtech” AND low-income AND access; “teacher digital competence” AND Nigeria) across academic databases; we complemented these with targeted searches on institutional repositories (UNESCO GEM, UNICEF, UBEC, World Bank). Titles/abstracts were first screened for relevance, then full texts were assessed against inclusion criteria. Searches spanned Scopus, Web of Science Core Collection, ERIC, JSTOR, and Google Scholar, plus institutional repositories (UNESCO GEM, UNICEF Nigeria, UBEC, World Bank) for January 2018–September 2025. We registered inclusion/exclusion rules ex ante and logged full search strings (Appendix A), then deduplicated using Zotero. Screening followed a PRISMA-style flow (titles/abstracts, then full text). To manage volume and reduce coder drift, we ran SBERT-based semantic clustering on extracts tagged to our theoretical codes and examined discordant clusters manually for adjudication.

3.4 Data Extraction and Reliability: A standardized extraction template captured study context, population, intervention/modality, outcomes (literacy/access proxies), barriers/enablers, and theoretical alignment. To manage volume, we used AI-assisted semantic clustering (SBERT) to group thematically similar passages and cross-validate coding patterns. Inter-coder agreement on a 15-study calibration set reached κ = 0.77 for thematic codes and κ = 0.81 for implementation-lever tags, consistent with strong agreement. Credibility was ensured by prioritizing peer-reviewed and institutional sources and triangulating convergent evidence across independent documents.

3.5 Analytical Strategy: We applied qualitative thematic synthesis. Codes were derived deductively from the theoretical constructs (e.g., perceived usefulness/ease, observability, self-efficacy, authentic tasks) and inductively from recurring empirical themes (e.g., offline capability, local-language content, power constraints, procurement pitfalls). We then mapped determinants to implementation levers and synthesized them into a practical framework organized around five pillars. The analysis directly answered the three research questions.

4. RESULTS AND DISCUSSION

4.1 Interpreting Findings through Theory: The uneven adoption patterns reflect DOI attributes: complexity (setup, power, connectivity), limited trialability/observability (few visible success exemplars), and weak compatibility with teachers’ routines. Targeted pilots with community champions directly address these constraints. TAM constructs are evident: perceived usefulness rises with strong literacy alignment (e.g., local-language phonics tools), while ease-of-use improves through mentor support and intuitive, offline-capable interfaces. Constructivist principles explain why authentic, collaborative tasks outperform tool-centric demonstrations. SCT clarifies how confidence and persistence grow with modeling, guided practice, and positive reinforcement.

4.2 Alignment and Extension of Prior Literature: Consistent with global reviews, we find that infrastructure is necessary but insufficient: pedagogy, content fit, and social support determine learning value (UNESCO, 2020; Hamilton & Hattie, 2021). The contribution here is a coherent implementation framework that explicitly links theoretical constructs to practical design choices and governance mechanisms in a low-income urban setting, addressing a recognized gap in Nigeria-focused literature (Adediran et al., 2023; Hennessy et al., 2021). By reading capability expansion together with platform governance, the framework reframes “effective adoption” as rights-compatible institutional design, not merely uptake metrics. This clarifies why offline-first plus teacher-mediated pedagogy outperform bandwidth-centric rollouts in Mushin-like contexts and how state actors can legally entrench equitable practices under the NDPA while steering vendors toward interoperable, auditable systems (NDPA, 2023; UNESCO, 2023; Williamson, 2017).

4.3 Practical Implications:  [i]. Design for offline-first and local language. Prioritize tools that function with inconsistent power/connectivity and that provide culturally relevant, graded literacy content. [ii] Invest in practice-embedded teacher development. Shift from one-off tool trainings to ongoing, mentored integration tied to literacy outcomes. [iii] Build community trust and shared stewardship. Engage CBOs and families to increase observability, reduce device loss, and extend learning time. [iv] Institutionalize evaluation and cost transparency. Require pilots to report learning proxies, usage, and total cost, feeding procurement and budgeting decisions.

4.4 Limitations: As a secondary-data synthesis, the study is limited by the quality and heterogeneity of included sources. Some national datasets (e.g., school-level ICT infrastructure) are dated; program evaluations vary in rigor. While we triangulate evidence and foreground institutional sources, causal inference is limited. Mushin serves as a contextual exemplar; generalization should be cautious and theory-led.

4.5 Future Research: Priorities include: (i) rigorous quasi-experimental or mixed-methods evaluations of offline-first, local-language literacy tools in low-income urban schools; (ii) cost-effectiveness and total-cost-of-ownership analyses of power/connectivity models for school/community hubs; (iii) longitudinal studies of teacher professional development models that build digital pedagogical content knowledge; and (iv) governance studies on procurement, interoperability, and data privacy in LMIC edtech ecosystems.

5. CONCLUSION

5.1 Summary of key findings: This study shows that equitable edtech uptake in low-income urban contexts such as Mushin is shaped by the interaction of infrastructural reliability, household affordability, and teacher capacity. When these constraints are not addressed concurrently, literacy and access gains stall. Evidence from inclusive education and digital policy points to enabling design choices that match these realities, including offline-first platforms that do not assume continuous connectivity, local-language materials and accessible user experience, practice-embedded teacher development, community participation to build trust and use, and governance arrangements that align procurement, data stewardship, and evaluation with public value (UNESCO, 2020). The proposed five-pillar framework—Infrastructure and Access, Teacher Capability and Pedagogy, Contextualized Content, Community Engagement and Trust, and Governance, Procurement and Data—turns these insights into implementation levers that are feasible for districts with constrained resources and consistent with international guidance on inclusion and quality (UNESCO, 2020). These levers are also compatible with “meaningful connectivity” norms, which move beyond simple access metrics toward regular use with adequate devices, affordable data, and sufficiently fast connections that enable learning tasks (Alliance for Affordable Internet [A4AI], 2022; A4AI, n.d.).

5.2. Stakeholder-specific recommendations: For federal and state policymakers, the priority is to set clear standards that make equity the default. Approved digital platforms should meet offline-first and local-language requirements and incorporate accessibility features aligned with global inclusion guidance (UNESCO, 2020). Procurement rules should specify whole-life cost, staged piloting, interoperability and open standards, outcome reporting, and privacy-by-design consistent with Nigeria’s Data Protection Act (Nigeria Data Protection Commission [NDPC], 2023). Funding lines should include micro-power solutions and school or community hubs, while sector benchmarks should reference meaningful connectivity indicators and device-to-learner ratios suited to local conditions (A4AI, 2022). Teacher digital pedagogy needs to be embedded in pre-service and in-service programs with micro-credentials explicitly tied to classroom integration and observed practice. Taken together, these steps align national direction with the Global Education Monitoring agenda on inclusion, contemporary connectivity benchmarks, and Nigeria’s data protection regime (UNESCO, 2020; A4AI, 2022; NDPC, 2023).

At district level, diffusion depends on visible proof-points and peer support. Administrators should establish exemplar classrooms where teachers can see low-bandwidth or offline tools in authentic use, and document and share these routines across clusters to increase observability and trialability as specified by diffusion theory (Rogers, 2003). Mentor-teacher networks can be leveraged to strengthen perceived ease of use and teacher self-efficacy, consistent with the Technology Acceptance Model and Social Cognitive Theory (Bandura, 1997; Davis, 1989). Simple usage and learning dashboards should track attendance, completed reading tasks, and formative assessment outcomes to drive remediation cycles and enable timely instructional responses.

For school leaders and teachers, the core work is to integrate constructivist literacy tasks—paired reading, collaborative writing, and local-story composition—supported by data-light or offline tools that reduce preparation overheads while sustaining engagement. Classrooms should institute predictable routines for device care, periodic offline content syncing, and peer tech-helpers, accompanied by prompt banks and lesson exemplars that lower planning burden. Where connectivity is intermittent, offline-first platforms and portable servers can ensure continuity of learning without penalties for bandwidth scarcity, a feasibility supported by recent implementation research in low-connectivity settings (Mays & Cheng, 2024).

For NGOs and donors, catalytic finance should target device-sharing models, maintenance, and micro-power so that access persists after pilots end. Independent evaluations should report cost, implementation fidelity, and equity effects, not just average impact, and lessons should be published to improve sector practice. Brokering public–private partnerships that localize content, strengthen teacher development, and respect open interoperability standards will increase the odds that solutions scale without trapping schools in proprietary ecosystems, in line with multilateral calls for inclusive, standards-based edtech ecosystems that foreground equity and resilience (UNESCO, 2020; A4AI, 2022).

For edtech providers, responsible product strategy in Nigeria requires data-light, offline-capable applications with local-language content, printable companions, and intuitive user interfaces. Implementation toolkits should include teacher guides, mini-courses, exemplar lesson plans, and dashboards aligned to literacy progressions. Privacy-preserving analytics, transparent documentation, and open APIs are essential for interoperability and public accountability. Vendors should demonstrate compliance with the Nigeria Data Protection Act, including privacy-by-design and child-data safeguards, and align any generative-AI features with UNESCO’s guidance for safe and human-centered use in education (NDPC, 2023; UNESCO, 2023). The direction of travel is being reinforced by enforcement actions and policy signals that elevate data protection in Nigeria’s digital ecosystem (Reuters, 2024a, 2024b).

5.3. Contribution: This paper contributes a context-responsive synthesis that integrates four theoretical lenses—Diffusion of Innovations, the Technology Acceptance Model, Social Cognitive Theory, and equity-centered inclusion—into a single operational framework for low-income urban districts (Bandura, 1997; Davis, 1989; Rogers, 2003; UNESCO, 2020). By aligning sociotechnical determinants with literacy and access outcomes, and by translating them into practical design and governance choices, the framework advances debates that often treat pedagogy, technology, and policy as separate conversations. It offers a theoretically grounded, implementation-ready scaffold that can be evaluated in staged pilots and adapted as connectivity, pricing, and teacher capacity evolve in contexts like Mushin (A4AI, 2022).

Data Availability Statement:  All data sources and analytical procedures are fully documented within the manuscript. Researchers who require additional clarification to facilitate replication are encouraged to contact the corresponding author.
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